Lipase-catalyzed ethanolysis of two short-chain triradylglycerols, namely tributyrin and 2,3-dibutyroil-1-O-alkylglycerols, have been studied. Much faster rate of reaction for the ethanolysis of tributyrin than that of 2,3-dibutyroil-1-O-alkylglycerols was attained. A kinetic model for the rate of release of ethyl butyrate and for the inactivation of the lipase has been also studied. The parameter corresponding to the release of ethyl butyrate was one order of magnitude higher for ethanolysis of tributyrin than the corresponding of 2,3-dibutyroil-1-O-alkylglycerols.
Introduction
Alkylglycerols, alkylglycerophospholipids and their derivatives, commonly known as ether lipids, have been the subject of much attention because of their special physiological functions in humans [1, 2] . Ether lipids have been used in the therapy of cancer [3] , since they are potent antineoplastic agents which inhibit growth, show antimetastatic activity and induce differentiation and apoptosis in cancer cells [4, 5] . Immune stimulators properties have also been attributed to dietary ingestion of these substances [6] .
In recent years, numerous synthetic ether lipids that do not occur in nature have been prepared to find therapeutic agents such as agonists and antagonists of natural lipid mediators [7] . One example of the mentioned synthetic ether lipids are PAF mimics that retain a short-chain residue esterified at the sn-2 position [8] .
The studies done during the last decade provide multiple lines of evidence that butyrate indeed interferes with the pathogenesis of colorectal cancer.
Butyrate inhibits DNA synthesis and arrests growth of neoplastic colonocytes [9] , modifies expression of genes involved in chemotherapy resistance [10] and in cell proliferation/differentiation [11, 12] , and induces apoptosis [13] . At least some of butyrate's antineoplastic effects in colon cancer cells may be due to its synergistic action with another antiproliferative agent, 1,25-dihydroxyvitamin D3 [dihydroxycholecalciferol;
(OH)2D3]. In various cancer cell lines it has been shown that butyrate and (OH)2D3 act synergistically in reducing proliferation and enhancing differentiation of neoplastic cells [14 , 15] .
In spite of its early promise, butyrate is not among the drugs used for cancer treatment. The major problem has been to achieve and maintain its millimolar concentrations in blood. Butyrate is metabolized rapidly as soon as it enters the colonocyte via its active transport system [16, 17, 18] , and its plasma concentrations are far below those required to exert its antiproliferative/differentiating actions. Prodrug of natural butyrate, such as tributyrin (TB) and 2,3-dibutyroil-1-O-alkylglycerols (SCAKG), are neutral short-chain fatty acid triradylglycerols that are likely to overcome the pharmacokinetic drawbacks of natural butyrate as a drug [19] .
In addition, recent studies indicate that butyrate and fish oil work coordinately to protect against colon tumorigenesis [20, 21] Based on these findings, designing new lipidic vehicles structures in which these two fatty acids are incorporated into the body could influence the location of their release and it may allow targeting of these bioactive molecules to specific areas of other tissues.
One of the problems that arise is to elucidate which of these two lipidic vehicles, namely alkylglycerols and triacylglycerols, is more efficient and chemically stable in plasma, diffuses through biological membranes and is metabolized by intracellular lipases, releasing therapeutically effective fatty acids over time directly into the cell.
In a first attempt, the present study focuses on the kinetics of the lipase catalyzed ethanolysis of these two lipidic vehicles containing butyric acid residues. The results obtained fulfill two objectives: 1) show differences in rate of the reaction, selectivity, and provide mechanistic information regarding how these two compounds are recognized by lipases, and 2) lipase-catalyzed ethanolysis of these two triradylglycerol is very useful step for selectively remove fatty acid residues at sn-1, and sn-3 positions and it can be used for subsequent production of structured lipids containing short chain and polyunsaturated fatty acids in a single molecule.
Experimental

Materials
2,3-dibutyroil-1-O-octadecylglycerol (SCAKG) was synthesized according to a methodology previously described by our group [22] . Tributyrin (TB) was purchased from Sigma-Aldrich (St. Louis, MO, USA). N-hexadecane for synthesis was purchased from Merck (Darmstadt, Germany). All solvents used were HPLC grade from Lab-Scan (Dublin, Ireland). The immobilized lipase B from Candida antarctica (Novozym 435) was a gift from Novozymes Spain. Mesoporous silica MS3030 was a kind gift from Silica PQ Corporation (PA, USA).
Ethanolysis reaction.
TB or SCAKG (1,7 g), ethanol (5,3 g) and n-hexadecane as internal standard (0,2 g) were added to a 100 mL flask and mixed by swirling. Then, the lipase 10 % by weight was added. The flask was placed in an orbital shaker at 50 ºC and 200 rpm. Samples of 50 µL were withdrawn periodically. The reaction was allowed to proceed for 50 min to 420 min.
Immobilization of Candida antarctica lipase
The protocol of immobilization of lipase has been previously described [23] .
Silica MS 3030 was functionalized by reaction with octyltriethoxysilane in toluene, and the octyl-Silica obtained was used as the carrier. 1 mL of ethanol was added for each 100 mg octyl silica and the mixture was left to equilibrate in a closed vial for at least 10 min. 5 mL of the commercial extract of Candida antarctica lipase B containing 20 mg protein were dissolved in 25mM phosphate buffer pH 7.0, up to a total volume of 10 mL. After assaying the esterasic activity (hydrolysis of p-nitrophenyl acetate followed spectrophotometrically at 348 nm), the enzyme solution was added on the vial containing the silica in ethanol and kept in mild stirring with a helical stirrer. Aliquots from suspension and supernatant were withdrawn at 15 min intervals to assay their respective esterasic activities. Final time was determined by the lack of activity, or low constant activity of the supernatant. The suspensions were then filtered and washed three times with 10mL volumes of 200mM phosphate buffer. The supernatants of the immobilization mixtures, as well as the liquids from these washings, were tested for protein desorption by assays of their catalytic activities (esterasic activity). After the last washing, the derivatives were twice suspended in 10mL dry acetone, filtered out and finally vacuum dried for at least 30 min to ensure a complete drying of the catalyst.
2.4 Analyses of the reaction products by gas chromatography.
The samples were diluted with chloroform to obtain a final concentration lower than 0.1 mg/mL for the subsequent analysis by gas chromatography.
Separations were performed on a Hewlett-Packard 5890 series II gas chromatograph with on-column injection using a 7 m 5% phenyl methyl silicone capillary column (Quadrex Corporation, New Haven, CT) (0.25 µm i.d). 12 cm of a 530 µm i.d. deactivated column was used as pre-column.
Injector and detector temperature was 43 ºC and 360 ºC respectively. The temperature program was as follows: starting at 40 ºC and then heating to 250 ºC at 42 ºC min -1 with 10 min hold, followed by heating from 250 ºC to 325 ºC at 7.5 ºC min -1 with 30 min hold. Helium was used as a carrier gas at a pressure of 5.2 psi. The peaks were computed using GC chemstation software (Agilent Technologies, Santa Clara, CA).
Mathematical modeling
2.5.1Reaction rate for the ethanolysis reaction: uniresponse model:
Rate expressions based on a generalized Michaelis -Menten mechanism for the ethanolysis reaction were utilized ( Figure 1 ). A ping-pong mechanism controlled by the rate of deacylation of the enzyme was proposed. These rate expressions are similar to those described by Malcata et al. [24] and by Lessard and Hill [25] for lipase catalyzed hydrolysis reactions. In particular a modification of these rate expressions, presented by Torres and Hill [26] , was employed. The main differences with respect to the model proposed by
Malcata et al are: 1) the rate expressions contain the concentration of ethanol rather than the concentration of water; 2) a term for the reverse of the ethanolysis reaction is incorporated in the rate expressions. However, in the present study the reverse of the ethanolysis reaction can be neglected based on the findings that nearly 100 % of fatty acid ethyl esters can be achieved in similar systems [27, 28] . Hence, the rate expression of the model is represented by: 
Eq. (1) can be simplified by reparameterization following the approach of Malcata et al. [24] to yield:
The corresponding lumped parameters ( 2  and 1 K ) are summarized in Table 1 .
Loss of enzyme activity with time
Knowledge of the rate law governing the deactivation process is often important in modeling enzyme-catalyzed processes. For the purpose of modeling, deactivation is usually treated as if it occurs in a single step. It is often assumed that irreversible deactivation of the active enzyme (
The manner in which the enzyme activity varies with time is then given by:
where t is time; 0 t is the time at which the first experiment with a particular sample of enzyme is started;   One of the problems that arise when one tries to evaluate the loss of enzyme activity in batch reactors is the fact that the time of the reaction and the time at which the set of experiments was started are equivalent.
This fact does not permit one to separate the rate of the reaction from the rate at which the enzyme is losing activity. In order to overcome this problem, data sets were obtained using two cycles 
Note that as Figure 2 . It can be observed that the rate of lipase-catalyzed ethanolysis of TB is much faster than that of SCAKG. A higher reaction rate can be expected in the case of tributyrin compared to that of SCAKG because of the fact that TB contains three butyric acid residues and SCAKG only two.
However, inspection of the course of the reaction indicates that after 15 minutes of reaction, the percentage of ethyl butyrate released is ca. 10%
and 50% for ethanolysis of SCAKG and TB respectively. These results indicate that lipase-catalyzed ethanolysis of TB is approximately five times faster than lipase-catalyzed ethanolysis of SCAKG.
Time course of the ethanolysis of SCAKG and TB in the presence of Novozym 435
The course of the ethanolysis of SCAKG and TB in the presence of Novozym 435 is depicted in Figure 3A and 3B respectively. Two trials reutilizing the same batch of lipase were effected in both cases. The differences observed between the two trials assayed for each ethanolysis reaction could be, in part, attributed to partial inactivation of the lipase and were utilized to determine the inactivation constant according to the methodology described in the Mathematical modeling section. Besides the differences in reaction rates between ethanolysis of SCAKG and TB discussed before, it can be observed that monoesterified alkylglycerols reach a plateau after 60 minutes of ethanolysis reaction that it is maintained almost constant during the course of the reaction. This result indicates that at these reaction conditions, Novozym 435 is highly selective for butyric acid residues located at sn-3 position. On the contrary, this plateau is not observed in the case of ethanolysis of TB. In this case, 1,3-dibutyrin is rapidly transformed in 2-monobutyrin. This observation is consistent with that by Piyatheerawong et al [29] .
Inspection of Figures 3A and 3B again In addition, inspection of Table 1 In conclusion the kinetic model developed in the present study indicates differences in rate of the reaction, selectivity, and provide mechanistic information regarding how these two triradylglycerols are recognized by lipases. In addition, lipase-catalyzed ethanolysis of these two compounds is very useful step for selectively remove fatty acid residues at sn-1, and sn-3 positions and it can be used for subsequent production of structured lipids containing short chain and polyunsaturated fatty acids in a single molecule. 
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